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Right Colon Interposition for Esophageal Replacement 
Thomas W. Rice 
For most esophageal surgeons, the colon is a second line 
esophageal substitute if the stomach is not acceptable 
for esophageal reconstruction. ' When a colon interposi- 
tion is indicated, the right colon should be used only 
when the left colon is unavailable or inadequate for 
esophageal substitution. 
Considerations in Right Colon Interposition 
Physiology 
A capcious cecum and ascending colon receive the 
entire small bowel effluent. Retrograde annular contrac- 
tions cause rhythmic antiperistaltic mixing in the right 
colon and aid in the absorption of fluids and electro- 
lytes. These characteristics maximize right colonic func- 
tion but may minimize its effectiveness as an esophageal 
substitute. Because the bulk of the right colon is 
unwieldy, it is difficult to fit into the path of reconstruc- 
tion. To facilitate the right colon as an esophageal 
substitute, some surgeons incorporate the terminal 
ileum in right colon interpositions (particularly in 
children). This results in a better size match between 
the esophagus and terminal ileum and allows the termi- 
nal ileum to fit comfortably in the reconstruction field. 
An end-to-end anastamosis can be carried out. Motility 
is maintained in the ileal portion of right colon interpo- 
sitions; however, there is no relationship between the 
motor activities of the ileum, and right colon and 
preservation of ileal peristalsis does not result in 
improved swallowing.2 The potential of the ileocecal 
valve to prevent reflux of colonic and upper gastrointes- 
tinal contents into the cervical esophagus is a potential 
benefit3; however, the ileal cecal valve may be detrimen- 
tal to swallowing. Its in situ role of slowing the transit of 
liquid ileal contents to aid absorption is unnecessary in 
the cervical esophagus. Exclusion of the ileocecal valve 
by side-to-side ileocecoplasty straightens the conduit, 
reduces cecal bulk, and eliminates possible obstruction 
at the ileocecal valve.4 Revisions of right colon interpo- 
sitions due to a tight ileocecal valve or  ischemic stricture 
have been r e p ~ r t e d . ~  The use of segments of terminal 
ileum longer than 10 cm is responsible for B12 deficien- 
cies in children.6 Chiidren are also susceptible to 
anemia with suppressed serum iron concentrations and 
growth retardation unrelated to the use of terminal 
ileum. 
Despite an active retrograde motility in situ, the 
c.olon functions as a passive conduit that empties much 
more slowly than the normal wophagus when used as an 
esophageal replacement. Transit through colon replace- 
ments is mainly dependent on gravity. Segmental con- 
traction gives the appearance of peristalsis, but only 
occasionally are colonic contractions propulsive. De- 
spite this predominate retrograde churning and mixing 
motion, isoperistaltic right colon grafts are favored 
because of vascular considerations and reports nf 
painful contractions or poor function in antiperistaltic 
colon interpositions.' ' 
Arterial Supply and Venous Drainage 
The blood supply of the right colon is less reliable than 
that of the stomach and left colon, hut is easily assessed 
and generally adequate. The right and transverse colon 
are supplied by the superior mesenteric artery through 
the ileocolic, right colic, and middle colic arteries. 
Although three colonic branches of the superior mesen- 
teric artery are seen in 68% of patients, anomalies are 
common. In order of frequency, documented anomalies 
include absence of the right colic artery in 12.4% of 
patients, multiple right colic arteries in 8.9%, multiple 
middle colic arteries in 6.2%, absence of the middle 
colic artery in 3.6%, and multiple middle and right 
colic arteries in O.S%.' A discontinuous marginal artery 
of the right colon is reported in 5% to 70% of pa- 
tients. lo.'' Venous drainage follows the arterial supply 
in the colonic mesentery. The superior mesenteric vein 
drains directly into the portal vein. Insufficient mar- 
ginal venous drainage of the right colon in 25% of 
patients has been implicated in the complications of 
colon infarction and anastomotic leakage.12 
Preoperative Investigations and Preparations 
As well as assessment of esophageal resectability, the 
colon and route of reconstruction must be evaluated. 
This begins with a history and physical examination. 
Significant colonic symptoms, treatment of primary 
colon disorders, or  previous abdominal operations are 
factors that may indicate that the colon is not satisfac- 
tory for use as an esophageal replacement. Severe 
constipation, especially in the elderly, should signal that 
the colon may not be a viable esophageal substitute. 
Previous surgery or inflammatory conditions in the 
esophageal bed, pleural space, anterior niediastinum, 
01- chest or ahdominal wall may render these routes 
unsuitable for esophageal reconstruction. 
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Inspection of the colonic mucosa is imperative. An 
air-contrast barium enema is the minimum examination 
permissible. Colonoscopy provides a superior examina- 
tion of the mucosa, allows biopsy of mucosal abnormali- 
ties, and removal of any colonic polyps. Because the 
arterial blood supply and venous drainage of the colon 
are vital to a successful operation, most surgeons 
consider preoperative angiography a prerequisite. l3 
Routine use of angiography may reduce operative time 
and, perhaps, the incidence of anastamotic complica- 
tions." At the least, angiography is required in any 
patient where the colonic vasculature may have been 
compromised by previous abdominal surgery or in any 
patient with a history of significant cerebral, coronary, 
or peripheral vascular disease. 
The intended route of reconstruction must be evalu- 
ated. Underlying esophageal disease or adjacent medias- 
tinal pathology may preclude the use of the posterior 
mediastinum. Previous thoracotomy, inflammation, or 
infectious diseases of the lung or pleura may exclude the 
use of the pleural space. Previous surgery or anterior 
mediastinal pathology may limit the use of the retroster- 
nal space. The subcutaneous route, although the least 
acceptable route of reconstruction, is almost always 
available. The routes of reconstruction may be studied 
in the preoperative computed tomography scan. It has 
been suggested that the esophageal bed (posterior medi- 
astinum) be used when every possible to optimize 
swallowing. 1,14 
The length of colon required for esophageal substitu- 
tion is determined by the extent of esophageal resection 
and the route of reconstruction. As the route of recon- 
struction moves from the posterior mediastinum to the 
subcutaneous space, the length of colon increases. 
However, the difference in length between the subcuta- 
neous and posterior mediastinal routes differs by only 
3.7 cm.15 Meticulous colon preparation consists of both 
a mechanical and an antibiotic component. A short, 
quick preparation is desirable to avoid excessive colonic 
secretions and mucous production. Otherwise, the inves- 
tigations and preparations are similar to those of any 
patient undergoing major abdominal and thoracic sur- 
gery. 
SURGICAL TECHNIQUE 
Upper midline abdominal and left neck incisions allow 
transhiatal resection of the esophagus and preparation 
and use of the right colonic segment for esophageal 
substitution. These incisions facilitate the second stage 
of a staged colon interposition after esophageal resec- 
tion. For simultaneous esophageal excision and right 
colon interposition, three incisions are usually re- 
quired. A right thoracotomy followed by an upper 
midline abdominal incision and a neck incision or a 
simultaneous laparotomy, right anterior thoracotomy, 
and neck incision may be used. The sequence of 
incisions is determined by the clinical situation. If the 
right colon is the only available organ for esophageal 
substitution or if esophageal resection has previously 
been performed, then the operation starts with lapa- 
rotomy. If there are options in replacement organs, the 
operation commences with esophageal resection. 
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1 Preparation of the right colon. The suitability of the right colon for 
interposition is evaluated. Palpation of the colon assesses the quality of 
mechanical bowel preparation and assures freedom from any significant 
pathology. The entire right colon is mobilized by division of the developmen- 
tal attachments to evaluate the segment and adjacent tissues. Inspection of 
the mesentery confirms that there is no shortening or fibrosis and that the 
mesentery is of adequate length. The greater omentum is removed from the 
hepatic flexure and the proximal two thirds of the transverse colon. The 
arterial supply of the omentum from the stomach and splenic flexure is 
maintained so that the omentum will be available for later use, if required. 
The arterial supply of the right colon is inspected and transilluminated to 
guarantee an adequate and complete marginal artery. The base of the 
ileocolic, right colic, and ileal (if required) arteries are exposed proximal to 
the marginal artery. Atraumatic vascular clamps are pIaced on these arteries 
and the viability of this segment of colon, now supplied solely by the middle 
colic artery, is assessed. 
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2 The length of colon for esophageal replacement is estimated by placing an umbilical tape along 
the prepared surface of the skin over the proposed route of reconstruction, from the midportion of 
the gastric remnant or the jejunal loop (if the stomach has been removed) to the distal end of the 
esophagus or pharynx. Because the subcutaneous route requires the longest segment of colon, this 
estimate should be adequate for other routes. This marked length of umbilical tape is then placed 
along the mesenteric border of the colon. 
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3 Once adequate vascularity of the right colon segment has 
been assured, the ileocolic and right colic arteries are ligated 
and divided proximal to their anastomoses with the marginal 
artery, and the proximal and distal portions of the marginal 
artery are ligated and divided. The peritoneum and the fatty 
mesentery are divided from the colonic wall to the base of the 
mesentery at the proposed proximal and distal areas of 
transection. The colon segment is then isolated by transecting 
the colon at the proximal and distal margins with a linear 
cutting stapler; an appendectomy is performed. 
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4 Placement of the right colon interposition. The colonic segment is placed along the 
same cutaneous path, previously marked with the umbilical tape, to assure adequate 
length. The route of reconstruction is then prepared. (A) If the posterior mediastinum 
has been selected, the preceeding esophageal resection has usually prepared this route. 
The transpleural route is the only path that passes through a true space. Lower entry 
into the pleural space is through the esophageal hiatus or through an anterior 
phrenotomy. Colon interposition may pass anterior to the pulmonary Mum to leave the 
pleural space through the superior entry site at the thoracic inlet behind the junction of 
the clavicle and manubrium. In this position, it may be necessary to excise the head of 
the clavicle and the lateral portion of the manubrium to eliminate compression of the 
colon segment and its mesentery and potential compromise of the venous drainage of the 
colon interposition. (B) The transpleural route will also allow the colon interposition to 
pass behind the pulmonary hilum outside the aortic arch. 
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4 (continued) (C) The retrosternal route is entered by detaching the diaphragm from 
the sternum below the xiphoid process. The superior entry site is prepared by dividing 
the deep layer of the cervical fascia and entering the retrosternal space in the midline 
behind the manubrium. The retrosternal tunnel is then prepared by blunt digital 
dissection from the superior and inferior entry sites. If the upper entry site of the 
retrosternal tunnel is constricting the head of the clavicle, the lateral portion of the 
rnanubrium may be excised to widen the thoracic inlet. 
(D) The subcutaneous route requires an obligatory ventral hernia to allow passage of 
the colon interposition from the subcutaneous space into the abdominal cavity. The 
subcutaneous tunnel is constructed by dividing the attachment between the subcutaneous 
tissue and the sternum and chest wall musculature. The superior and inferior entry sites 
of the subcutaneous tunnel are connected by the passage of a blunt dissector. This tunnel 
is further widened by the passage of a long laparotomy sponge through the tunnel. The 
sponge is left in the tunnel for 5 to 10 minutes to aid in hemostasis. The tunnel should be 
widened until it will allow passage of the colon segment and its mesentery without 
compression. The colon segment is inspected and prepared for passage through the 
tunnel. This is facilitated by placing the colon segment in a large sterile plastic bag and 
drawing the bag through the prepared route.l6 
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5 Anastamoses. The proximal esophagocolic anastomosis is constructed in end-to- 
side fashion along the antimesenteric tenia of the colon. Because a stapled anastomosis 
is difficult to perform high in the neck, an interrupted sutured anastomosis of single 
layer monofdament absorbable suture is the preferred technique. The correct length 
of the colon segment is then reconfirmed and any redundant colon is pulled back into 
the abdomen. The colon is tacked to the edges of the tunnel (diaphragm) with stitches 
applied to the tenia. 
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6 Any excess colon is excised along the mesenteric border, 
protecting the vascularity of the colon interposition. 
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7 The cologastric or colojejunal anastomosis is then 
constructed. In order to minimize reflux into the colon 
interposition, the anastomosis can be constructed on the 
posterior gastric wall at the junction of the upper and 
middle thirds of the gastric remnant. The weight of the full 
stomach rests on this anastomosis and provides some 
reflux protection. The construction of a partial fundopli- 
cation around this anastomosis will provide further reflux 
control. The anterior wall of the stomach is an alternative 
site for the cologastric anastomosis. The cologastric anas- 
tomosis is more amenable to stapling than the esophago- 
colic anastamosis. 
third 
8 Last of the three anastomoses-an ileocoloc reestab- 
lishes gastrointestinal continuity. The colonic mesenteric 
defect is then closed with absorbable interrupted suture. 
A feeding jejunostomy is constructed. The incisions are 
closed. If the operation is the second stage of a two-staged 
operation, the wound at  the site of the end esophagostomy, 
the location of the upper anastomosis (esophagocolic), is 
best managed with loose closure of the wound or, more 
appropriately, packing of the wound. This minimizes 
wound infections and the possibility of anastomotic compli- 
cations. 
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Postoperative Considerations 
In addition to the recognized complications after any 
thoracic operation, early complications specific to colon 
interposition are anastomotic leak and necrosis of the 
colon graft. Anastomotic leakage is variable and compli- 
cates 2% to 22% of all  operation^.'^,'^ As with other 
gastrointestinal anastomoses, failure of an anastomosis 
in a colon interposition is multifactorial. Common 
factors include ischemia, technical error, anastomotic 
tension, infection, and distraction of the anastomosis 
due to swallowing and excessive head and neck motion. 
Anastomotic leakage usually occurs at the esophago- 
colic anastomosis. It is uncommon to have failure of the 
cologastric, colojejunal, or  ileocolic anastomosis. Treat- 
ment requires placing the anastomosis at rest, insuring 
adequate drainage, administration of antibiotics, and 
nutritional support. In the absence of complete break- 
down of the anastomosis or mediastinitis, excision of the 
colon interposition is not usually required. 
Vascular compromise is usually caused by venous 
insufficiency and thrombosis and less commonly by 
arterial insufficiency. This problem is magnified by the 
bacterial contamination of the colon and results in 
necrosis of the colon graft in up to 7% of patients.18 
This complication is uniformly fatal if not recognized 
and treated with immediate graft excision. Colon necro- 
sis is a major cause of death after this procedure. The 
mortality rate for colon interposition varies from 0% to 
23%.l9Jo The incidence of death has decreased over 
time, partly as a result of improved preoperative 
preparation, operative technique, and postoperative 
care, but also as a result of better patient selection. In  
recent years, the operation has been reserved for 
benign esophageal diseases, and the practice of colon 
bypass of unresectable malignancies has been aban- 
doned. Patient factors cause the mortality rate for 
colon interposition of malignant esophageal disease to 
be about two to four times that for benign disease. 
The major late complications of colon interposition 
are stricture, redundancy, and poor function of the 
colon graft. The same factors that account for anasto- 
motic leakage may cause anastomotic stricture. In  
addition, reflux of gastric contents may cause ulcer- 
ation and stricture of the lower portion of the replace- 
ment. Peptic ulcer of the esophagus occurs in 0.5% to 
8% of patients.21 The common factor in the 11 cases 
reviewed by Malcolm21 was the position of the cologas- 
tric anastomosis on the anterior wall of the stomach. 
Belsey22 stressed the importance of placing the cologas- 
tric anastomosis on the posterior gastric wall in order to 
avoid peptic complications. 
A redundant colon interposition may be an  avoidable 
problem. Failure to the excess cervical and 
thoracic portions of the colon Fdt into the abdomen on 
completion of the esophagocolic anastomosis is a com- 
mon cause of this complication. Herniation of the 
abdominal portion of the colon substitution into the 
thorax may also cause a redundant colon interposition. 
The tendency of the colon to dilate may cause this 
complication despite the assurance of an appropriate 
length of colon for interposition.’“ Reoperation and 
resection of redundant intrathoracic colon, excision of 
excessive length of the distal interposition, and revision 
of the cologastric anastamosis or  intrathoracic colo- 
plasty may be required to restore function.24 
Dysfunction of the colon interposition will result in 
persistence of dysphagia o r  development of upper 
gastrointestinal symptoms. Evaluation of the long-term 
relief of dysphagia by colon interposition should not be 
based on the experience in treatment of malignant 
disease, because of the poor survival in most cancer 
patients and the practice of palliation of esophageal 
malignancies with colon bypass. Good to excellent 
results with colon interposition are achieved in 75% to 
85% of patients with benign esophageal disease. In a 
review of 45 patients treated for benign disease with 
colon replacement, 24% had no gastrointestinal symp- 
toms in follow-up. Regurgitation, vomiting, and dump- 
ing occurred in 22%, 31%, and 18% of patients, 
re~pec t ive ly .~~ Perhaps the best determination of a 
successful colon interposition is the ability of a patient 
to gain and maintain weight. 
Reoperation may be required to deal with the compli- 
cations of colon interposition. Late reoperation rates as 
high as 37% have been reported in the management of 
persistent symptoms and anastamotic complications 
after colon interposition.26 Long-term follow-up is re- 
quired. As many as 45% of patients will require some 
procedure to maintain good function and colonic pathol- 
ogy may occur despite the new role for the interposed 
right colon. 27128 
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